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Abstract
Discovering how to improve survival and establishing clinical reference points for children 
diagnosed with endemic Burkitt lymphoma (eBL) in resource-constrained settings has recaptured 
international attention. Using multivariate analyses, we evaluated 428 children with eBL in Kenya 
for age, gender, tumor stage, nutritional status, hemoglobin, lactate dehydrogenase (LDH), 
Epstein-Barr virus (EBV) and Plasmodium falciparum prior to induction of chemotherapy 
(cyclophosphamide, vincristine, methotrexate, and doxorubicin) to identify predictive and 
prognostic biomarkers of survival. During this ten year prospective study period, 22% died in-
hospital and 78% completed six-courses of chemotherapy. Of those, 16% relapsed or died later; 
31% achieved event-free-survival; and 31% were lost to follow-up; the overall one-year survival 
was 45%. After adjusting for co-variates, low hemoglobin (<8g/dL) and high LDH (>400 mU/ml) 
were associated with increased risk of death (adjusted Hazard Ratio (aHR)=1.57 [0.97 to 2.41]) 
and aHR=1.84, [0.91 to 3.69], respectively). Anemic children with malaria were 3.55 times more 
likely to die [1.10 to 11.44] compared to patients without anemia or malarial infection. EBV load 
did not differ by tumor stage nor was it associated with survival. System-level factors can also 
contribute to poor outcomes. Children were more likely to die when inadvertently overdosed by 
more than 115% of the correct dose of cyclophosphamide (aHR=1.43 [0.84 to 2.43]), or 
doxorubicin (aHR=1.25, [0.66 to 2.35]), compared to those receiving accurate doses of the 
respective agent in this setting. This study codifies risk factors associated with poor outcomes for 
eBL patients in Africa and provides a benchmark by which to assess improvements in survival for 
new chemotherapeutic approaches.
Introduction
Endemic Burkitt lymphoma (eBL) accounts for approximately half of all cancers, and 90% 
of lymphomas, diagnosed among children in Equatorial Africa.1,2 Early infection with both 
Epstein-Barr virus (EBV) and Plasmodium falciparum malaria are thought to be co-factors 
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in the etiology of eBL (reviewed3). Incidence rates of eBL vary by region in Africa such that 
children living in malaria holoendemic areas experience higher rates of eBL compared to 
children from lower transmission areas.4,5 BL is one of the most aggressive human tumors 
and is characterized by deregulation of the c-MYC oncogene in B-cells.6,7 Although over 
90% of B-cell lymphomas diagnosed in developed countries will achieve complete 
remission with intensive chemotherapy and supportive care,8 estimated survival rates for 
eBL diagnosed in Africa are considerably lower. Recent studies carried out in Uganda and 
Malawi reported survival rates approaching 50-70%,2,9,10 whereas other studies report long-
term survival rates as low as 33%.11,12 Poor outcomes among children with eBL have been 
attributed to many factors, including delays in the diagnosis and initiation of treatment, 
abandonment of care, treatment-related toxicities, and scarcity of chemotherapy and other 
supplies for comprehensive supportive care. In recent years, varying combinations and doses 
of cytotoxic agents have been investigated with the goal of identifying regimens with 
maximal therapeutic effect and minimal toxicity in resource-constrained settings.13 
However, a consensus has yet to be reached as to which regimen is optimal and which 
biomarkers are most informative for eBL.
The observational study presented here includes data collected from children diagnosed with 
eBL from 2003 to 2011 at Jaramogi Oginga Odinga Teaching and Referral Hospital 
(JOORTH) in Kisumu, Kenya. The hospital protocol included a 2 year out-patient follow-up 
period. The survival rate of children treated with conventional combination chemotherapy 
was examined including children who unintentionally received higher or lower than 
recommended dosages. In addition, the utility of other clinical variables on predicting 
survival is evaluated, including age, gender, tumor stage, nutritional status, serum 
hemoglobin and lactate dehydrogenase (LDH) levels, Epstein-Barr virus (EBV) copy 
number, and Plasmodium falciparum infection status. Findings from this study provide a ten 
year picture of treatment and survival for Kenyan children diagnosed with eBL and 
establishes a baseline by which therapeutic strategies can be compared within future clinical 
trials in Africa.
Methods
Study population and ethical approvals
This observational study prospectively enrolled 609 children aged <15 years old admitted to 
JOORTH, the regional cancer referral hospital in western Kenya, between March 2003 and 
September 2011 for suspected eBL.4 Children were excluded if another cancer was 
ultimately diagnosed (n=28); if guardians withdrew them prematurely from hospital (n=5), 
or if they were transferred to another hospital (n=1). The catchment area for JOOTRH 
spanned western Kenya and displayed the expected geographic overlap with malaria 
transmission (Figure 1).3 Written informed consent was obtained from parent prior to child's 
enrollment. Ethical approvals were obtained from the University of Massachusetts Medical 
School, the Kenya Medical Research Institute and JOOTRH.
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Cytopathological diagnosis and staging
Two independent pathologists confirmed diagnosis by cytopathology using fine needle 
aspiration (FNA) slide review and May-Grunewald Giemsa staining.14 Tumor sites were 
determined by ultrasound or plain radiography. Central nervous system involvement was 
evaluated by lumbar puncture for cerebral spinal fluid cytology. Tumors were staged 
according to St. Jude/Murphy Staging for childhood non-Hodgkin lymphoma15 which is 
considered prognostic for eBL.16 Of note, bone marrow aspiration was not routinely carried 
out unless the child had profound cytopenia.
Regimen
Chemotherapy was administered as specified by the JOOTRH Burkitt lymphoma Protocol 
(Supplemental Materials). In brief, this regimen included induction-consolidation at weekly 
intervals over six weeks of intravenous cyclophosphamide (1200mg/m2) and vincristine 
(1.5mg/m2); doxorubicin (60mg/m2) on days 1 and 22; 4 weekly interval doses of intrathecal 
(IT) methotrexate (7.5mg/m2); and a tapering dose of oral prednisone. After hospital 
discharge, surviving children received monthly maintenance therapy (300 mg/m2 
cyclophosphamide and 1.5mg/m2 vincristine) for the next 24 months as out-patients.
Laboratory tests
Complete blood counts were measured prior to each chemotherapy administration. Total 
white blood cell concentration greater than 1.0×103 cells/mcl and platelet levels greater than 
100×103/mcl were required to qualify for chemotherapy. Blood counts below these levels 
resulted in delayed chemotherapy until the following week provided levels improved. Blood 
transfusions were given if hemoglobin levels were less than 5g/dL. Serum electrolytes, renal 
and liver function, and blood clotting profile were not routinely assessed unless clinically 
indicated. P. falciparum infection was determined by microscopy using World Health 
Organization standards.17 Malaria was treated according to Kenyan National Ministry of 
Health guidelines. Serum LDH was measured as a surrogate of tumor burden.18 Peripheral 
blood EBV titers were measured as previously described by quantitative PCR.19
Clinical and demographic data
Height and weight was recorded in the medical records upon admission and drug treatment 
plan once diagnosis of cancer was confirmed. Body Surface Area (BSA) and chemotherapy 
drug dosages were calculated by the hospital medical officer.20 Clinical data were abstracted 
from medical records by trained research personnel. For children who completed in-hospital 
treatment but failed to attend outpatient clinic, attempts were made by a case manager to 
contact parents to ascertain child's wellbeing and invite them for continued outpatient 
assessment with transport reimbursement paid by the ongoing research project.
During data cleaning, inconsistencies between admission height and weight and those 
recorded on the drug treatment plan were resolved by returning to the original medical 
records. Therefore, to confirm the accuracy of BSA calculations used to measure 
chemotherapy dose, we re-calculated BSA for each patient using the Mosteller equation20 
and verified height and weight as recorded in each patient's medical record. We therefore 
defined chemotherapy dosage status by determining prescribed doses based on verified BSA 
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compared to dose of drugs actually received. Children who inadvertently received >115% of 
the recommended dose were classified as overdosed, while children who received <85% 
were classified as underdosed. Children who received doses within 15% of that 
recommended for their BSA were classified as correctly dosed.
Nutritional anthropometric status was retrospectively derived for each child by calculating a 
standardized BMI using the WHO 2007 SPSS Macro Package.21 Any child below two 
standard deviations (i.e. Z-score<-2) from median weight-for-height was considered 
malnourished.
Statistical analysis
The case deletion method was used to account for incomplete record information. 
Comparability of children contributing only to the survival analysis (N=428) and those of all 
children enrolled in the study (N=575) was ascertained. Skewed LDH and EBV distributions 
were analyzed using the non-parametric Kolmogorov-Smirnov test.
Two survival timepoints were calculated: 1) short-term, in-hospital survival measured in 
days from the date of hospital admission to the date of discharge or death; and 2) long-term 
survival measured in days from the date of hospital admission to the date of death, date of 
last known contact, date of last treatment or documented relapse when date of death was 
unavailable. Children discharged alive but subsequently lost to follow-up were censored at 
the date of discharge. We chose to evaluate both in-hospital and long-term survival rates for 
two reasons. The first was to determine if clinically actionable risk factors (i.e. EBV load, 
anemia, malaria, nutritional status) were predictive of immediate death (within the first 2-3 
months after diagnosis) in contrast to risk factors that might contribute to residual effects 
(i.e. drug dosing, EBV load) and death after successful completion of 6 doses of induction-
consolidation chemotherapy.
Kaplan-Meier curves were fitted to calculate crude median survival times; sub-groups were 
compared with the Mantel-Cox log-rank test. Cox Proportional Hazards models were 
constructed to further investigate the relation between outcomes of interest and time to 
death, adjusting for potential confounders age, gender, nutritional status and tumor stage, 
generating estimates for adjusted Hazard Ratios (aHR) and their associated 95% Confidence 
Intervals (CI). Likelihood Ratio (LR) tests were used to assess the appropriateness of the 
proportional hazards assumption for all predictors simultaneously, using a time-dependent 
covariate constructed around dosage variables. All analyses were conducted using SPSS v. 
22 (Armonk, NY).
Results
Kenyan children (n=575) with cytopathologically confirmed eBL were eligible to participate 
in this study but were excluded if they were HIV positive (n=6), had incomplete 
anthropomorphic data, were missing documentation of date of death or discharge, or died 
before treatment could be initiated (Figure 2). Demographic and baseline clinical data are 
shown in Table 1. Of note, 19.7% met criteria for malnutrition, 14.8% had hemoglobin 
<8g/dL, and 17.9% had Plasmodium falciparum infections at time of admission.
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Survival analyses included 428 children with complete chemotherapy data (Figure 2). There 
were no significant differences in demographic or baseline clinical characteristics between 
the 141 (non-HIV infected) children excluded and those contributing to the survival 
analyses. However, most of the 129 children excluded due to incomplete outcome data were 
those enrolled during the first few years of the study. This was prior to implementing 
transport reimbursement and reminder cell phone calls for monthly out-patient 
appointments. Of the 428 children with eBL, 22% died in-hospital during the induction-
consolidation phase of therapy and the remaining 78% completed the prescribed six-courses 
of chemotherapy and were subsequently discharged for outpatient maintenance 
chemotherapy. In-hospital survival rates did not vary dramatically over the 8-year study 
period, however adherence to follow-up increased roughly two-fold after appointment 
reminders and transport reimbursements were implemented.
The median hospital stay for the overall study population was 57 days (range 1-183). 
Following discharge, 16% of the children relapsed or died (median overall survival 164 
days, range 8-1,189); 31% were alive and in clinical remission at last known contact 
(median overall survival 559 days, range 13-2,659); and 31% were lost to follow up (i.e. last 
contact was day of discharge from hospital).
Of 428 children, 88% received correctly prescribed cyclophosphamide doses based on their 
BSA, while 8% were underdosed and 3% were overdosed. Similar numbers were found for 
vincristine and doxorubicin administration. Overdosing was more common for methotrexate, 
with 16% of children overdosed and 6% underdosed. (Figure 3, Supplemental material Table 
1). For cyclophosphamide and vincristine, dosage status was concordant in 94% of the 
children. Dosage status was concordant across all four agents in 76% of the children, with 
73% accurately dosed and 3% underdosed. No children were overdosed with all four agents.
Assessment of risk factors and long-term survival
During the data cleaning and analysis we noticed an unintentional, random miscalculation of 
dosages for a small yet noteworthy number of children (Figure 3, Supplemental material 
Table 2). This was a random occurrence over the 8 years of treatment data analyzed and did 
not cluster by month or year of enrollment (tested for each drug, data not shown). Within the 
context of the current debate as to the ‘best’ treatment regimen for pediatric BL in resource-
constrained settings, with proponents for high-dose, short-course versus low-dose, 
metronomic therapies, we first analyzed our data to determine if there was an impact on 
survival associated with high-versus-low dose using the same drug regimen. Using 
multivariate HR adjusted for age, gender, nutritional status and tumor stage, we found 
children who were inadvertently overdosed with cyclophosphamide had a suggestive 
increased risk of death compared to children who received the correct dosing (aHR=1.43, 
[0.84 to 2.43]; Figure 4A). Children overdosed with doxorubicin were at a slightly increased 
risk of death or relapse (aHR=1.25, [0.66 to 2.35]; Figure 4D). In contrast, children 
underdosed with either of these two drugs, cyclophosphamide or doxorubicin (Figures 4A 
and 4D), had similar survival rates as compared to children receiving correct doses of the 
respective agent. There were no appreciable differences in eBL survival by dosage for 
vincristine or methotrexate (Figures 4B and 4C). LR tests for the assumption of proportional 
Buckle et al. Page 6
Int J Cancer. Author manuscript; available in PMC 2017 September 15.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
hazards yielded overall p values varying between 0.121 and 0.247, suggesting the 
assumption was met. (Supplemental Table 2).
The majority of children (N=318) were treated with all four chemotherapeutic drugs; the 
remaining 110 were treated with three of the four agents, cyclophosphamide, vincristine and 
methotrexate, due to intermittent shortages and expense of doxorubicin. Survival rates of 
these two subgroups were compared in a secondary analysis. Median survival for the “three-
drug” group was 545 days (range 3-2073) and similar to the median survival for the “four-
drug” group was 433 days (range 8-2467; p=0.94). A multivariable model adjusting for age, 
gender, nutritional status and tumor stage showed an aHR=1.04 [0.67 to 1.62] comparing the 
“three-drug to the “four-drug” regimen demonstrating no added survival benefit when using 
doxorubicin in combination with the other three drugs. There were no differences in tumor 
stage or other covariates measured for the children who received doxorubicin versus those 
who did not, as this was the result of random drug shortages and independent of patient 
status.
The subsequent analyses included only children receiving the appropriate drug doses. After 
adjusting for age, gender, and nutritional status, children diagnosed with tumors at stage II 
or higher were more likely to die compared to children diagnosed with stage I disease 
(aHR=1.56, [1.10 to 2.21]).
We explored several models examining the effects of baseline hemoglobin levels and malaria 
infection on long-term survival. After adjusting for age, gender, tumor stage and nutritional 
status, baseline serum hemoglobin was found to be a predictor of survival, with admission 
levels <8g/dL associated with a 57% increased risk of death or relapse, as compared to 
children with levels ≥8g/dL (aHR=1.57 [0.97 to 2.41]). Interestingly, this association 
persisted after further adjustment for malarial parasitemia, but was attenuated when models 
included the interaction effects of these two variables (aHR=1.25, [0.75 to 2.08]). Of note, 
this model showed a significant interaction between baseline hemoglobin and malaria status, 
as anemic children infected with malaria were 3.55 times less likely to survive [1.10 to 
11.44] as compared to those without anemia or malaria. Similar models were explored using 
hemoglobin at week 3; however, this measure was not shown to be a predictor of survival 
and interaction with malarial status was not observed.
We further explored associations between peripheral blood EBV titers (N=80), serum LDH 
levels (N=77), and tumor stage with survival. As expected, children with advanced tumor 
staging had higher serum levels of LDH compared to children with stage I tumors (p=0.064). 
In multivariable models, elevated LDH (>400 mU/ml) was associated with increased risk of 
death or relapse (HR=1.84, [0.91 to 3.69], Figure 5A). We did not observe significant 
differences in EBV load (copies/μg DNA) by tumor stage (p=0.583), nor was EBV load 
found to be associated with long-term survival (Figure 5B). Children with EBV loads >2000 
and between >200 to 2000 copies/μg human DNA had aHR=0.85 [0.34 to 2.16] 
and aHR=0.95 [0.33 to 2.73] respectively, as compared to children with EBV loads between 
0 to 200 copies/μg DNA (Figure 5C).
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In-hospital survival
Additional analyses restricted to the in-hospital period observed an increased association 
between overdosing with cyclophosphamide and doxorubicin and survival. Children were 
over two times more likely to die in-hospital when overdosed with cyclophosphamide 
(aHR=2.14 [0.83 to 5.49], or doxorubicin (aHR=2.02, [0.71 to 5.77], as compared to those 
receiving accurate doses of the respective agent. In contrast, overdosing with vincristine or 
methotrexate, or underdosing on any of the four agents, was not found to be an important 
predictor of in-hospital survival.
Other factors found to be associated with early death included tumor stage and nutritional 
status. Children with advanced tumor stage (II or higher) were 1.81 times more likely to die 
in-hospital as compared to those with stage I tumors [1.14 to 2.90] after adjusting for age, 
gender and nutritional status. Similarly, in multivariable analyses, children who were 
malnourished were 1.48 times more likely to die in-hospital as compared to those who were 
not [0.94 to 2.33]. Both effect sizes for tumor stage and nutrition persisted in separate 
models restricted to children accurately dosed with cyclophosphamide, as well as 
doxorubicin. There was also no difference in in-hospital survival between those who were 
treated with the “three-drug” as compared to the “four-drug” regimen (aHR=1.11, 95% CI: 
0.85 to 1.90).
Discussion
This study establishes a historical reference point spanning 10 years (enrollment from 2003 
to 2011 with 2 year follow-up) for children diagnosed with eBL in western Kenya. In this 
study, the overall survival rate was 45% (134/296). Of those who completed induction-
consolidation, 16% relapsed or died within the first year after diagnosis. There was a 
significant lost to follow-up (31%) even when transportation and medical costs were 
provided. This demonstrates the need for creative retention strategies such as patient 
advocacy and case management as components of any clinical trial in Africa to minimize 
attrition. Studies of abandonment of childhood cancer treatment in Kenya have identified 
barriers in addition to financial constraints, namely lack of parents' psychosocial support 
networks and training for healthcare providers to improve communication skills related 
specifically to cancer22,23. Our study also highlights the need to mitigate system-level errors 
by implement training of medical staff and pharmacists for the delivery of complex multi-
agent cancer-directed therapy and computer-based quality control measures. Our analysis of 
administered treatment suggests that children who received a higher dose of 
cyclophosphamide experienced inferior survival. Additionally, the combination of anemia 
and malaria was among the strongest predictors of poor prognosis and highlights the need to 
integrate anti-malarials and blood transfusions within eBL treatment regimens.
The demographics in our study closely resembles those reported in recent studies in similar 
settings.8,11,24–29 Independent of chemotherapy dosing, having more advanced disease was 
associated with worse survival, as previously demonstrated.25,30 Tumor stage at diagnosis, 
however, was slightly different in our study population compared to other recent studies, 
with the majority presenting with abdominal tumors.8,24–26,29,31 This difference could be 
due to improved ascertainment of abdominal tumors or earlier recognition of cancer as a 
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diagnosis. While incomplete medical charts and more comprehensive tumor staging methods 
were a limitation, the long term follow-up data available suggest that eBL outcomes at 
JOOTRH compare with recent studies complied from similar resource-limited settings.13
There have been several prior efforts to define epidemiological, clinical, and biochemical 
prognostic biomarkers for eBL. Magrath and colleagues reported a retrospective analysis of 
42 children with eBL in Uganda and found tumor burden, related surrogate measures (uric 
acid, LDH), and antibodies against early antigen of EBV (anti-EA) were associated with 
worse outcomes.32 A more recent analysis of 180 eBL children in Ghana also found that 
tumor stage and LDH were associated with survival, in addition to serum creatinine.33 
Similarly, our study showed that elevated LDH was associated with poor prognosis. Elevated 
LDH levels in eBL and other malignancies reflect increased cellular proliferation, which 
correlates with tumor burden.
Interestingly, our study showed no association between EBV load at baseline and risk of 
death or relapse over long-term follow up, despite EBV being recognized as a key risk factor 
for developing eBL. Prior studies that examined the role of EBV as a prognostic indicator in 
eBL have focused on patterns of viral gene expression.2 Few of these have evaluated the 
utility of a quantitative measure of EBV load as a predictor of clinical outcomes. Previous 
research conducted in NK/T-cell lymphoma has shown that high EBV loads suggest an 
adverse prognosis.34 Other studies have found that plasma EBV DNA levels may be a 
marker for both tumor load and therapeutic response in a variety of EBV-associated 
lymphoid malignancies, including BL, and may be useful for monitoring treatment 
progress.35–37 Our findings contrast with this earlier research, suggesting that EBV may play 
a role in facilitating tumorigenesis but may become a bystander when c-myc translocation 
appropriates EBV-infected B cells.
Limited data exists regarding the effects of nutritional status on outcomes among children 
with eBL. In our study, we observed an increased risk of in-hospital death among 
malnourished children; however, over long-term follow up, nutritional status was non-
prognostic, perhaps due to the hospital nutrition program. These findings support earlier 
research led by Israels and colleagues that investigated the relationship between nutritional 
status, neutropenic episodes and death among Malawian children undergoing treatment for 
eBL.38 In their study, malnutrition was associated with increased frequency, severity and 
duration of neutropenia, in addition to higher rates of treatment delays and treatment-related 
mortality. Collectively, these findings suggest that malnutrition may diminish tolerance to 
chemotherapy, thereby increasing the risk of infectious complications as well as worse 
survival outcomes.
The intermittent availability of doxorubicin within the study period offered the opportunity 
to compare survival outcomes among children treated with cyclophosphamide, vincristine 
and IT methotrexate and those treated with all four agents. Although numbers were limited, 
our analyses suggest that these two treatment regimens were comparable and the addition of 
doxorubicin does not confer a survival benefit. We did not design the study to capture 
various causes of death. Paradoxically, an alternative interpretation is that supportive care 
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plays a role independent of which chemotherapeutic regimen is used and that basic 
improvements in patient care might go far toward improving survival for these children.
The risks of administering high-intensity treatment in settings with limited supportive care 
have been well characterized throughout the literature.13 To our knowledge, however, 
treatment practices, including cytotoxic dosing patterns, have been largely unexplored in 
previous research on eBL. One study evaluating a modified version of the LMB protocol in 
Malawi examined the clinical course among all treatment-related deaths, and found that sub-
optimal supportive care was likely implicated in 6 out of 10 deaths.27 Identified issues 
included mismanaged antibiotics (delayed, inappropriate dosing, or wrong route) and 
continued treatment despite severe toxicity. Although data on supportive care were limited in 
our study, our findings emphasize the importance of administering correct dosages, 
particularly for cyclophosphamide, as this agent remains a mainstay of eBL 
chemotherapeutic regimens and has been administered as a monotherapy in some 
settings.10,25,26
There were several limitations to this study aside from sample size and loss to follow-up. 
Even though eBL is the main pediatric cancer within this population, pathologic diagnosis 
by FNA is not ideal. Based on our molecular sub-set analysis (unpublished data) it is 
possible that ∼10% of cases could have been misclassified as eBL. This further supports the 
need for proper diagnosis and telepathology for consultation in Africa. There were no 
metrics to assess chemo-toxicity or classify extent of disseminated disease. Bone marrow 
aspiration was not routinely performed, therefore a subset of patients may have been 
inadvertently under-staged. The prevalence of malnutrition is likely higher than reported, as 
using weight-for-height to assess wasting has limited sensitivity, particularly for those with 
large abdominal tumors.39 The lack of standardized provision of supportive care and 
prophylaxis for tumor lysis syndrome (i.e. intravenous fluids, allopurinol and furosemide) 
may have contributed to early mortality. The scope of this study would have been 
strengthened with additional long-term data on cause-specific morbidity and mortality.
In summary, the challenges of early eBL diagnosis are many, and have previously been 
explored among this cohort.40 Many of the challenges related to cancer treatment stem from 
the delicate balance of pursuing dose intensities that can achieve high response rates while 
minimizing cytotoxic-related complications, particularly within the context of limited 
supportive care and a high prevalence of co-morbid conditions. This study establishes a 
foundation upon which to build a resource-appropriate eBL treatment regimen in order to 
achieve higher survival rates than currently reported.
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What's new?
Endemic Burkitt lymphoma (eBL) is the most common pediatric cancer diagnosed in 
Equatoria Africa. B-cell lymphomas have the potential for complete remission with 
intensive chemotherapy and supportive care, however estimated survival rates for eBL 
patients in Africa are significantly lower compared to those in developed countries. 
Therefore a risk-stratification algorithm appropriate for these patients is needed. To 
compound the clinical picture, Epstein-Barr virus (EBV) and Plasmodium falciparum 
malaria are co-factors in eBL risk. This study shows that malaria, anemia and high-dose 
cyclophosphamide contribute to poor outcomes for children diagnosed with eBL. In 
contrast, EBV load does not appear to be a prognostic or predictive biomarker.
Buckle et al. Page 14
Int J Cancer. Author manuscript; available in PMC 2017 September 15.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Figure 1. Spatial Distribution and catchment area in western Kenya of pediatric Burkitt 
lymphoma patients admitted to Jaramogi Oginga Odinga Teaching and Referral Hospital in 
Kisumu, Kenya
Map of western Kenya shows Plasmodium falciparum malaria transmission intensity 
(shaded by increasing intensity in green) and home location (red spots) of pediatric Burkitt 
lymphoma patients admitted to Jaramogi Oginga Odinga Teaching and Referral Hospital in 
Kisumu, Kenya, from 2003 to 2011.
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Figure 2. Summary of eligibility and outcomes
Children diagnosed (n=575) with endemic Burkitt lymphoma admitted to Jaramogi Oginga 
Odinga Teaching and Referral Hospital in Kisumu, Kenya, 2003-2011. Exclusion was 
primarily due to incomplete maintenance of paper medical records.
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Figure 3. Chemotherapy doses stratified by in-hospital survival status
Induction-consolidation was scheduled at six weekly intervals of intravenous (A) 
cyclophosphamide (1200mg/m2) and (B) vincristine (1.5mg/m2); 4 weekly interval doses of 
intrathecal (C) methotrexate (7.5mg/m2); and (D) doxorubicin (60mg/m2) on days 1 and 22. 
Chemotherapy dosage status was defined by determining recommended doses based on 
retrospectively re-calculated BSA and comparing to dose of drugs received. Children who 
inadvertently received >115% of the recommended dose for a chemotherapy drug based on 
their re-calculated BSA were classified as overdosed, while children who received <85% of 
the recommended dose were classified as underdosed. Children who received doses within 
15% of that recommended for their BSA were classified as correctly dosed.
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Figure 4. Cumulative survival of children with endemic Burkitt lymphoma according to 
chemotherapy drug dosage status
(A) Children who were inadvertently overdosed with cyclophosphamide were at increased 
risk of death compared to children who received correct dosing of cyclophosphamide 
(aHR=1.43, [0.84 to 2.43]). (D) Children overdosed with doxorubicin were at a slight 
increased risk of death or relapse (aHR: 1.25, [0.66 to 2.35]). In contrast, children 
underdosed with either of these two drugs, cyclophosphamide or doxorubicin, had similar 
survival rates as compared to children receiving correct doses of the respective agent. There 
were no appreciable differences in eBL survival by dosage status for (B) vincristine or (C) 
methotrexate. LR tests for the assumption of proportional hazards yielded overall p values 
varying between 0.121 and 0.247.
Buckle et al. Page 19
Int J Cancer. Author manuscript; available in PMC 2017 September 15.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Figure 5. Association between lactate dehydrogenase and Epstein-Barr virus levels and overall 
risk of death among children with Burkitt lymphoma, Kisumu, Kenya
In multivariate models adjusted for age, gender, nutritional status and tumor stage, (A) 
elevated serum LDH (>400 mU/ml) was associated with increased risk of death or relapse 
(aHR=1.84 [0.91 to 3.69]). In contrast, (B) EBV load (copies/μg DNA) was not associated 
with tumor stage (p=0.583) and was not found to be associated with long-term survival. 
Even when categorizing viral loads, (C) children with EBV viral loads of >2000 and 
between >200 - 2000 copies/μg DNA were 0.85 [0.34 to 2.16] and 0.95 [0.33 to 2.73] times 
less likely to die or suffer a relapse, respectively, as compared to children with EBV viral 
loads between 0 – 200 copies/μg DNA.
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Table 1
Baseline characteristics upon admission of children treated for Burkitt lymphoma at 
Jaramogi Oginga Odinga Teaching and Referral Hospital in Kisumu, Kenya, 2003-2011
Characteristic N (%) Mean/Median [min-max Range]
Age at Admission (years)1 569 7.5 [0.8-14.4]
Body Surface Area (m2, recorded)2 0.8 [0.1-1.6]
Gender3
 Male 348 (61.2)
 Female 221 (38.8)
Tumor Stage4
 I 249 (43.8)
 II 17 (3.0)
 III 289 (50.8)
 IV 14 (2.5)
Hemoglobin5, 6
 Mean level (g/dL) 10.0 [3.1-17.4]
 Children with low hemoglobin (<8 g/dL) 54 (14.8)
Nutritional Status7
BMI SDS -0.6 [-4.8-4.3]
 Malnourished (BMI SDS <-2) 97 (19.7)
Malaria infection status8
 Children with smear-positive P. falciparum parasitemia 99 (17.9)
 Mean geometric parasite density 61 [1-888]
EBV9
 Children with detectable EBV 122 (89.7)
 Median (copies/μg DNA) 8,732 [21-382,833]
Lactate dehydrogenase (LDH)10
 Median (mU/ml) 512 [30-2,930]
 Percent with elevated LDH (>400 mU/ml)6 82 (59.9)
1
Data from 569 children diagnosed with eBL exclusive of 6 who were HIV positive
2
BSA available for 566 children
3
Documentation of gender available for 569 children
4
Tumor staging available for 569 children
5
Hemoglobin measurements at admission available for 385 children
6
Reference ranges for normal LDH and hemoglobin values available in Supplemental Materials
7Weight and height data available for 553 children
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8569 children evaluated for blood stage Plasmodium falciparum parasitemia
9
EBV measurements available for 136 children
10
LDH measurements available for 137 children
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